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FLUID FRICTION ON  EVEN SURFACES.
[Note to a paper by Prof. Zahm, Phil. Mag., Vol. vni. pp. 66, 67, 1904,]
IN connexion with such experiments as those of Froude and Zahm
respectively on flat surfaces moving tangentially through water or air, it is
of interest to inquire how much can be inferred from the principle of
dynamical similarity. Dynamical similarity includes, of course, geometrical
similarity, so that in any comparisons the surfaces must be similar, not only
in respect of their boundaries, but also in respect of their roughnesses, at any
rate until it is proved that the restriction may be dispensed with. Full
geometrical similarity being presupposed, the tangential force per unit
area F may be regarded as a function of a the linear dimension of the solid,
p the density of the fluid, v the velocity, and v the kinematic coefficient -of
viscosity. It is assumed that the compressibility of the fluid does not come
into account. As in a similar problem relating to the flow of fluid along
pipes*, the method of dimensions shows that, if it be a function of the above
quantities only,
F=pv*.f(av/v), ..............................(1)
where /denotes an arbitrary function, whose form must be obtained, if at all,
from other considerations. If F be independent of v, f is constant, and F is
proportional to the density and the simple square of the velocity. Conversely,
if F be not proportional to v*, f is not constant, and the viscosity and the
linear dimension enter.
If the general formula be admitted, several conclusions of importance can
be drawn, even though the form of / be entirely unknown. For example, in
the case of a given fluid (p and v constant), F is strictly proportional to v'2,
provided a be taken inversely as v. Again, if the fluid be varied, we may
make comparisons relating to the same surface (a constant). For if v be
taken proportional to i>, / remains unaffected; so that F is proportional to pv*
* Phil. Mag. xxxrvr. p. 59 (1892); Scientific Papers, in. p. 575.